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Edited by Varda RotterAbstract The tumor suppressor protein p53 is ubiquitinated and
neddylated by MDM2 and then degraded by 26S proteasome.
However, p53 is stabilized by the HAUSP (Herpes-virus-associ-
ated ubiquitin-speciﬁc protease) deubiquitinating enzyme. In this
study, we discovered that rat HAUSP (rHAUSP) is polyubiqui-
tinated, polyneddylated, and dimerized using co-immunoprecipi-
tation assays. This suggests that rHAUSP may function as a
dimer or multimer and is also degraded through the protea-
some-mediated degradation. Transfection of rHAUSP into
RGC-Lac-Z cell line with the integrated p53 response element
revealed that rHAUSP contributed to p53 stabilization, and a
rHAUSP (C224S) mutant contributed to p53 destabilization in
a dose-dependent manner.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Protein degradation in eukaryotic cells is mediated by either
lysosome or proteasome pathway. Lysosome-mediated degra-
dation pathway is involved in degradation of 10–20% proteins
and the rest of proteins are degraded by the proteasome-
mediated degradation pathway [1]. Ubiquitination and deubiq-
uitination have a precise role for selective protein degradation
in eukaryotic cells, and are important for the regulation of a
number of intracellular processes including cell cycle, apopto-
sis, transcriptional activation, signal transduction, antigen
presentation, oncogenesis, preimplantation, and DNA repair
[2–4]. In general, ubiquitinated proteins are targeted for degra-
dation by the 26S proteasome. Deubiquitination, a removal
process of ubiquitin from ubiquitin-conjugated protein sub-
strates, is mediated by deubiquitinating enzymes [5,6].Abbreviations: ECL, enhanced chemiluminescence; HA, hemaggluti-
nin; HAUSP, Herpes-virus-associated ubiquitin-speciﬁc protease; IP,
immunoprecipitation; PCR, polymerase chain reaction; SDS–PAGE;
sodium dodecyl sulfate–polyacrylamide gel electrophoresis; WB,
Western blotting; WCL, whole cell lysate
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doi:10.1016/j.febslet.2005.07.048The downregulation of p53 tumor suppressor activity
through the ubiquitin-proteasome system in normal cells is
mediated by MDM2, which is the major E3 ubiquitin ligase
that regulates the ubiquitination and degradation of p53 [7–
9]. MDM2 alone does not eﬃciently polyubiquitinate p53
in vitro [10], and p300 is required to catalyze p53 polyubiq-
uitination [11]. p53 ubiquitination is regulated by deubiquiti-
nation mediated by Herpes-virus-associated ubiquitin-speciﬁc
protease (HAUSP) (also known as USP7), which directly
deubiquitinates and stabilizes p53 [12]. HAUSP also plays
a crucial role in the regulation of p53-dependent apoptosis
and the inhibition of cell growth [12]. It has been shown that
a partial reduction of endogenous HAUSP levels destabilizes
endogenous p53 [13]. However, nearly complete ablation of
HAUSP stabilizes and activates p53 because HAUSP is also
required for the stability of endogenous MDM2, which is
constitutively self-ubiquitinated and degraded in vivo
[13,14]. In the absence of HAUSP, MDM2 appears to be ex-
tremely unstable, leading to indirect p53 activation. This
feedback-mediated p53 stabilization is MDM2 dependent
[13].
We recently isolated and characterized a mouse orthologue
of HAUSP, mHAUSP [15]. Here, we also identiﬁed a rat
orthologue of HAUSP, rHAUSP. As a deubiquitinating en-
zyme, rHAUSP regulates p53 stabilization in a dose-dependent
manner. Interestingly, rHAUSP is ubiquitinated, neddylated,
and dimerized.2. Materials and methods
2.1. Isolation, site-directed mutagenesis, and Northern blot analysis for
rHAUSP
Total RNA was obtained from the rat testis using TRIzol (Gibco
BRL). cDNA was synthesized from total RNA according to the pro-
tocol of SuperScript Preampliﬁcation System (Gibco BRL). The pri-
mer nucleotide sequences for cloning rHAUSP are following: F
(BamHI), 5 0-CCGGATCCGACATGAACC-A-3 0; R (XhoI), 5 0-GAC-
ACTCGAGGGAAGTCAGTT-3 0. Site-directed mutagenesis for
generating rHAUSP (C224S) was carried out with a QuikChangee
Site-Directed Mutagenesis Kit (Stratagene) according to the manufac-
turers instructions. For the polymerase chain reaction (PCR), primers
were designed as following; 5 0 primer (5 0-GGGAGCAACGAGTTA-
CATCAATAGCTTGC-30) and 3 0 primer (5 0-GCAAGCTATTCAT-
GTAACTCGTTGCTCCC-3 0). Expression of the rHAUSP mRNA
was investigated in rat tissues by Northern blot analysis. Tissue blot
for Northern blot analysis was purchased from SeeGene. The blot
was hybridized with a radiolabeled DNA probe corresponding to
nucleotide (1–875 bp) of the rHAUSP. As described previously [15],
the probe used for Northern blot analysis was labeled by a random
primer with [a-32P] dCTP (Amersham Biosciences).blished by Elsevier B.V. All rights reserved.
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RGC-Lac-Z cells were cultured and transfected using Lipofect-
AMINE (Invitrogen) according to manufacturers instructions.
Whether rHAUSP contributes to p53 stabilization in a dose-depen-
dent manner, we performed transfection of rHAUSP into RGC-
Lac-Z cell line with the integrated p53 response element upstream
of b-galactosidase. 1.5 · 105 cells in 35 mm wells were transfected
with pcDNA3-myc, or 0.25, 0.5, and 1-lg of pcDNA3-myc-rHAUSP
or pcDNA3-myc rHAUSP (C224S). After 24 h of transfection, cells
were harvested and lysed. 40-lg of total proteins was loaded in each
lane of a 7.5% sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (SDS–PAGE) for immunoblot analysis using an anti-b-
galactosidase (ICN). Equal loading was veriﬁed by immunoblotting
against an anti-b-actin (Santa Cruz Biotechnology). The relative
expression level of b-galactosidase induced by p53 in transfected
RGC-Lac-Z cells was determined according to the expression level
of the b-actin housekeeping gene. The band density was measured
using a Gel-Doc image analyzer (Bio-Rad) and average intensities
of the bands were normalized to those of b-actin used as a control.
Expression levels were tested at least three times by independent
transfection.2.3. In vivo co-immunoprecipitation (IP) assay and Western blotting
(WB) analysis
After transfection with each cDNA construct, HeLa cells in the
absence or presence of 50-lM MG132 (Sigma) were harvested and
lysed. Lysates were immunoprecipitated with an anti-myc antibody
or an anti-HAUSP antibody (Santa Cruz Biotechnology) for
in vivo ubiquitination assay of rHAUSP, with an anti-HAUSP anti-
body (Santa Cruz Biotechnology) for in vivo neddylation assay of
rHAUSP, with an 6 anti-FLAG antibody (Sigma) or an anti-myc
antibody (Santa Cruz Biotechnology) for in vivo dimerization assay
of rHAUSP and hHAUSP at 4 C for 6 h and then combined with
50-ll protein G-Sepharose (Amersham Biosciences) followed by
rotating for 1 h at 4 C. The immunoprecipitates were washed with
lysis buﬀer three times, and separated on a 10% SDS–polyacryl-
amide gel. WB was performed with an anti-myc antibody (Santa
Cruz Biotechnology), an anti-hemagglutinin (HA) antibody (Santa
Cruz Biotechnology), an anti-FLAG antibody (Sigma), an anti-ubiq-
uitin antibody (Santa Cruz Biotechnology), an anti-HAUSP anti-
body (Santa Cruz Biotechnology), or an anti-nedd8 antibody
(Santa Cruz Biotechnology) and an HRP-conjugated secondary
antibody (Santa Cruz Biotechnology). Bands were visualized with
the enhanced chemiluminescence (ECL) system (Amersham
Biosciences).Fig. 1. Expression of rHAUSP mRNA in rat organs. Northern blot analysis
liver (lane 4), spleen (lane 5), kidney (lane 6), stomach (lane 7), small intesti
unpregnant uterus (lane 12), and placenta (20.5 d.p.c.) (lane 13).3. Results and discussion
3.1. Expression of rat HAUSP, the orthologue of mouse and
human HAUSPs
In order to identify the complete cDNA for rHAUSP, a rat
orthologue of mouse and human HAUSPs, we ﬁrst performed
BLAST search for the sequence of rat HAUSP. However,
database from GenBank showed the ﬁrst exon sequence of
rHAUSP cDNA unlisted. Therefore, we carried out RT-PCR
with primers used for cloning the full-length mHAUSP cDNA
using the rat testis. We found out that it consists of 3312 bp
and encodes 1103 amino acids with a molecular weight of
approximately 135 kDa. rHAUSP contains the highly con-
served Cys, Asp (I), His, and Asn/Asp (II) domains character-
istic of the ubiquitin-speciﬁc processing proteases. rHAUSP
has 98.6% amino acid identity with hHAUSP and 99.6% ami-
no acid identity with mHAUSP (Supplemental material). One
of interesting features in HAUSP family members is polyQ do-
main, showing 7 Glu residues in hHAUSP, and 8 Glu residues
in both mHAUSP and rHAUSP (Supplemental material).
Aberrant expansion of unstable CAG trinucleotide repeats re-
sults in numerous neurodegenerative diseases including spinoc-
erebellar ataxias (SCAs) 1, 2, 3, 6, 7, and 17, Huntingtons
disease, spinobulbar muscular atrophy, dentatorubral-pallido-
luysian atrophy, and Machado-Joseph disease [16]. Therefore,
it remains to be seen whether elongated polyglutamine in
HAUSP results in neurodegenerative diseases.
In order to determine the expression pattern and transcrip-
tional size of rHAUSP, we performed Northern blot analysis
using a rat adult tissue blot. The probe was generated from
the full-length cDNA of rHAUSP by digesting with BamHI
and HindIII. 4.5 and 4.9 kb of transcripts were shown
(Fig. 1). We found that rHAUSP has two transcripts in a rat
tissue blot, possibly due to either the alternative splicing or
alternate polyadenlyation sites. The expression was shown
strongly in rat testis, spleen and brain, and weakly in rat stom-
ach, small intestine, skeletal muscle and unpregnant uterus.
These results were similar to the expression pattern ofusing total RNA from rat brain (lane 1), heart (lane 2), lung (lane 3),
ne (lane 8), skeletal muscle (lane 9), thymus (lane 10), testis (lane 11),
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most strongly in testis (Fig. 1 and [15]).
3.2. HAUSP regulates p53 stability and induces apoptosis
HAUSP has at least dual functions, stabilization of p53,
MDM2, and HDMX by deubiquitination, inducing p53-
dependent apoptosis and inhibition of cell growth [12,13,17].
We conﬁrmed these functions by two experiments. First, to
elucidate the function of rHAUSP in regulation of p53 ubiqui-
tination, we co-transfected p53, ubiquitin and rHAUSP in
HeLa cells as described previously [15]. HeLa cells were trans-
fected with pCS4(+)-myc-p53 alone, with pCS4(+)-myc-p53Fig. 2. p53 response element assay. (A) RGC-Lac-Z cell line with the integra
with pcDNA3 (lane 1), or 0.25 lg (lanes 2 and 5), 0.5 lg (lanes 3 and 6), a
rHAUSP (C224S), respectively. Western analysis was performed with an anti-
Equal loading was veriﬁed by immunoblotting against an anti-b-actin. (B) Sh
galactosidase induced by p53. The ratios were determined by dividing the ban
(gray bars) by that of b-actin (open bars). (C) Non-transfected HeLa cells sh
expressed in HeLa cells transfected with rHAUSP (C224S) (lane 3) compared
by quantiﬁcation in a graph.and pMT123-HA-ubiquitin together, or with pCS4(+)-myc-
p53, pMT123-HA-ubiquitin and pcDNA3-myc-rHAUSP to-
gether. p53 proteins became endogenously ubiquitinated, and
deubiquitinated by co-transfection with rHAUSP. However,
the amount of ubiquitinated p53 in cells expressing rHAUSP
(C224S) was similar to the one in control cells without
rHAUSP transfection (data not shown). These results indicate
that rHAUSP has the same function for deubiquitinating p53
as shown with either HAUSP [12] or mHAUSP [15].
Second, to conﬁrm whether rHAUSP and rHAUSP (C224S)
are involved in stabilization of p53 level, we carried out trans-
fection of rHAUSP and rHAUSP (C224S) into RGC-Lac-Zted p53 response element upstream of b-galactosidase was transfected
nd 1 lg (lanes 4 and 7) of pcDNA3-myc-rHAUSP or pcDNA3-myc-
b-galactosidase antibody, an anti-myc, or an anti-p53 antibody (DO-1).
own are the results from the semi-quantitative expression analysis of b-
d density of b-galactosidase expression (closed bars) and p53 expression
ow a low expression level of caspase 3 (lane 1). Caspase 3 was highly
with rHAUSP (lane 2). The expression level of caspase 3 is represented
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RGC-Lac-Z cell line is a mouse cell line with the integrated
p53 response element upstream of b-galactosidase and used
to detect the activation of endogenous p53. The assay showed
that rHAUSP regulates p53 level (Fig. 2A and B). In this assay,
endogenous p53 was used as a control (Fig. 2A, lane 1). As the
transfection amount of rHAUSP was increased (Fig. 2A, lanes
2–4), the b-galactosidase expression level induced by p53 was
gradually increased compared with the b-galactosidase expres-
sion level induced by endogenous p53 (Fig. 2A, lane 1). In addi-
tion, the p53 expression level was increased (Fig. 2A, lanes 2–4).
This result indicates that rHAUSP is associated with p53 stabil-Fig. 3. rHAUSP is polyubiquitinated and polyneddylated. (A) HeLa cells we
proteasome inhibitor), and then immunoprecipitated with a polyclonal an
ubiquitin or an anti-HAUSP antibody. (B) HeLa cells were transfected with p
with a polyclonal anti-HAUSP antibody. WB was performed with an anti-mization in a dose-dependent manner. Interestingly, as the trans-
fection amount of rHAUSP (C224S) was increased (Fig. 2A,
lanes 5–7), the b-galactosidase expression level induced by
p53 and p53 expression level were gradually decreased. As
shown in Fig. 2B, the relative expression of b-galactosidase in
RGC-Lac-Z cell line transfected with rHAUSP or rHAUSP
(C224S) was gradually increased or decreased, respectively, in
a dose-dependent manner.
We examined rHAUSP-induced apoptosis in human cervical
adenocarcinoma cells (HeLa) by observing their morphologi-
cal changes and by measuring the pattern of DNA fragmenta-
tion, which represents chromosomal cleavage at the linkerre transfected with pcDNA3-HA-ubiquitin and treated with MG132 (a
ti-HAUSP antibody. WB was performed with an anti-HA, an anti-
cDNA3-myc-nedd8 and treated with MG132 and immunoprecipitated
yc, an anti-nedd8 or an anti-HAUSP antibody.
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ted HeLa cells died completely. We observed extracted geno-
mic DNA from apoptotic HeLa cells induced by rHAUSP
and rHAUSP (C224S), visualized as DNA ladders, indicating
that these cells are apoptotic (data not shown). We also inves-
tigated the expression level of caspase 3 as an apoptotic marker
using an anti-caspase 3 antibody (Fig. 2C). Caspase 3 was
more strongly expressed in HeLa cells transfected with
rHAUSP (C224S) than with rHAUSP (Fig. 2C). Transfection
of pcDNA3-myc-rHAUSP (C224S) leads to cell death of HeLa
cells which they died faster than HeLa cells transfected with
pcDNA3-myc-rHAUSP. It has been reported that HAUSP af-
fected p53-mediated cell growth repression in H460 and MEF
cells expressing p53, and HAUSP (C224S) functions as a dom-
inant-negative by enhancing, instead of inhibiting, p53 ubiqui-
tination [12]. Therefore, our study supports a previous ﬁnding
that the dominant negative eﬀect of rHAUSP (C224S) leads to
cell death of HeLa cells. One of possibilities is that the mutated
HAUSP may bind other proteins regulating apoptosis. There-
fore, identiﬁcation and characterization of more substrates for
HAUSP and the mutant form of HAUSP (C224S) should be
carried out in order to better understand the cellular functions
of HAUSP.
3.3. HAUSP is polyubiquitinated and polyneddylated
We recently reported that deubiquitinating enzymes, DUB-
1A and USP36, are polyubiquitinated [18,19]. In addition, it
has been reported that p53 is ubiquitinated [20], sumoylated
[21,22], and neddylated [23]. Therefore, we investigated
whether HAUSP would also be regulated by conjugation with
ubiquitin and ubiquitin-like molecules. In order to investigate
whether HAUSP is regulated by the proteasome-mediated
pathway, we co-transfected ubiquitin or ubiquitin-like mole-
cules along with rHAUSP in HeLa cells. Interestingly,
rHAUSP is polyubiquitinated at HA-tagged ubiquitin overex-
pression and endogenous status (Fig. 3A). In addition,Fig. 4. HAUSP is dimerized. (A) HeLa cells were transfected with pCMV-F
monoclonal anti-FLAG antibody. WB was performed with an anti-HAUSP
also transfected into HeLa cells and immunoprecipitated with an anti-myc a
anti-myc antibody.rHAUSP is polyneddylated at myc-tagged nedd8 overexpres-
sion and endogenous status (Fig. 3B), but not sumoylated
(data not shown). When rHAUSP was exogenously expressed,
we observed the same results (data not shown). Also, we inves-
tigated that the eﬀect of proteasome inhibitor MG132 to con-
ﬁrm that rHAUSP is regulated by ubiquitin-proteasome
degradation pathway. According to this result, the level of
ubiquitinated rHAUSP was increased with the addition of
MG132 (Fig. 3A, lanes 3 and 6). Our results also suggest that
rHAUSP is participated in the protein degradation pathway
mediated by the ubiquitin-like molecule, nedd8, due to the in-
crease of neddylated rHAUSP with the addition of MG132
(Fig. 3B, lanes 3 and 6). Therefore, identiﬁcation of both E3
ligase and deubiquitinating/deneddylating enzymes for
HAUSP will help to elucidate the precise regulatory mecha-
nism of HAUSP-mediated p53 regulation.
3.4. HAUSP is dimerized
A number of proteins undergo homodimerization or hetero-
dimerization for their functional structures. We previously ob-
served the dimerization of the murine DUB-1 enzyme
expressed only in B-lymphocytes (unpublished observation).
In order to investigate whether rHAUSP is also dimerized,
we expressed FLAG-tagged rHAUSP and myc-tagged
hHAUSP in HeLa cells. Since endogenous hHAUSP is ex-
pressed in HeLa cells, interaction between endogenous
hHAUSP and FLAG-tagged rHAUSP or myc-tagged
hHAUSP was analyzed (Fig. 4A and B, respectively). When
immunoprecipitated with an anti-FLAG or anti-myc antibody,
two bands, endogenous hHAUSP and FLAG-tagged rHAUSP
or myc-tagged hHAUSP, were detected (Fig. 4A and B, lanes
4, respectively), indicating that HAUSP is dimerized. How-
ever, whether HAUSP dimerization is required for its enzy-
matic function remains to be investigated.
It is clear that the enzymatic activity of HAUSP is critical
for regulating the status of p53. Since MDM2, p300/CBP,LAG-2B-rHAUSP and cell extracts were immunoprecipitated with a
antibody or an anti-FLAG antibody. (B) pcDNA3-myc-hHAUSP was
ntibody and WB was performed with an anti-HAUSP antibody or an
4872 H.-J. Lee et al. / FEBS Letters 579 (2005) 4867–4872and HAUSP are involved in the stabilization of p53, delineat-
ing the detailed molecular mechanism of p53 regulation by
ubiquitin-mediated protein degradation pathway will help to
generate a potential molecular target for cancer therapy. The
study of cellular functions that are involved in ubiquitina-
tion/deubiquitination system is an important ﬁeld for the
development of new therapeutics against cancer.
Acknowledgments: The authors thank Dr. Dimitris Xirodimas for
RGC-Lac-Z cell line with the integrated p53 response element and
members of the Cell and Gene Therapy Research Institute at Pochon
CHA University and CHA General Hospital for their critical com-
ments on the manuscript. This study was supported by a grant
(R01-2005-000-10292) from the interdisciplinary research program
of the Korea Science and Engineering Foundation. The sequence of
rHAUSP gene has been submitted to GenBank (Accession No.
AY641530).Appendix A. Supplementary data
Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.febs-
let.2005.07.048.References
[1] Glickman, M.H. and Ciechanover, A. (2002) The ubiquitin-
proteasome proteolytic pathway: destruction for the sake of
construction. Physiol. Rev. 82, 373–428.
[2] Ciechanover, A. (1998) The ubiquitin-proteasome pathway: on
protein death and cell life. EMBO J. 17, 7151–7160.
[3] Hershko, A. and Ciechanover, A. (1998) The ubiquitin system.
Annu. Rev. Biochem. 67, 425–479.
[4] Baek, K.H. (2003) Conjugation and deconjugation of ubiquitin
regulating the destiny of proteins. Exp. Mol. Med. 35, 1–7.
[5] Pickart, C.M. (2001) Mechanisms underlying ubiquitination.
Annu. Rev. Biochem. 70, 503–533.
[6] Wilkinson, K.D. (2000) Ubiquitination and deubiquitination:
targeting of proteins for degradation by the proteasome. Semin.
Cell. Dev. Biol. 11, 141–148.
[7] Kubbutat, M.H., Jones, S.N. and Vousden, K.H. (1997) Regu-
lation of p53 stability by Mdm2. Nature 387, 299–303.
[8] Honda, R., Tanaka, H. and Yasuda, H. (1997) Oncoprotein
MDM2 is a ubiquitin ligase E3 for tumor suppressor p53. FEBS
Lett. 420, 25–27.[9] Honda, R. and Yasuda, H. (2000) Activity of MDM2, a ubiquitin
ligase, toward p53 or itself is dependent on the RING ﬁnger
domain of the ligase. Oncogene 19, 1473–1476.
[10] Lai, Z., Ferry, K.V., Diamond, M.A., Wee, K.E., Kim, Y.B.,
MA, J., Yang, T., Benﬁeld, P., Copeland, R.A. and Auger, K.R.
(2001) Human mdm2 mediates multiple mono-ubiquitination of
p53 by a mechanism requiring enzyme isomerization. J. Biol.
Chem. 276, 31357–31367.
[11] Grossman, S.R., Deato, M.E., Brignone, C., Chn, H.M., Kung,
A.L., Tagami, H., Nakatani, Y. and Livingston, D.M. (2003)
Polyubiquitination of p53 by a ubiquitin ligase activity of p300.
Science 300, 342–344.
[12] Li, M., Chen, D., Shiloh, A., Luo, J., Nikolaev, A.Y., Qin, J. and
Gu, W. (2002) Deubiquitination of p53 by HAUSP is an
important pathway for p53 stabilization. Nature 416, 648–653.
[13] Li, M., Brooks, C.L., Kon, N. and Gu, W. (2004) A dynamic role
of HAUSP in the p53-Mdm2 pathway. Mol. Cell 13, 879–886.
[14] Cummins, J.M. and Vogelstein, B. (2004) HAUSP is required for
p53 destabilization. Cell Cycle 3, 689–692.
[15] Lim, S.K., Shin, J.M., Kim, Y.S. and Baek, K.H. (2004)
Identiﬁcation and characterization of murine mHAUSP encoding
a deubiquitinating enzyme that regulates the status of p53
ubiquitination. Int. J. Oncol. 24, 357–364.
[16] Hong, S., Kim, S.J., Ka, S., Choi, I. and Kang, S. (2002) USP7, a
ubiquitin-speciﬁc protease, interacts with ataxin-1, the SCA1 gene
product. Mol. Cell. Neurosci. 20, 298–306.
[17] Meulmeester, E., Maurice, M.M., Boutell, C., Teunisse, A.F.,
Ovaa, H., Abraham, T.E., Dirks, R.W. and Jochemsen, A.G.
(2005) Loss of HAUSP-mediated deubiquitination contributes to
DNA damage-induced destabilization of Hdmx and Hdm2. Mol.
Cell 18, 565–576.
[18] Baek, K.H., Kim, M.S., Kim, Y.S., Shin, J.M. and Choi, H.K.
(2004) DUB-1A, a novel deubiquitinating enzyme subfamily
member, is polyubiquitinated and cytokine-inducible in B-lym-
phocytes. J. Biol. Chem. 279, 2368–2376.
[19] Kim, M.S., Kim, Y.K., Kim, Y.S., Seong, M., Choi, J.K. and
Baek, K.H. (2005) Deubiquitinating enzyme USP36 contains the
PEST motif and is polyubiquitinated. Biochem. Biophys. Res.
Commun. 330, 797–804.
[20] Maki, C.G., Huibregtse, J.M. and Howley, P.M. (1996) In vivo
ubiquitination and proteasome-mediated degradation of p53.
Cancer Res. 56, 2649–2654.
[21] Gostissa, M., Hengstermann, A., Fogal, V., Sandy, P., Schwarz,
S.E., Scheﬀner, M. and Del Sal, G. (1999) Activation of p53 by
conjugation to the ubiquitin-like protein SUMO-1. EMBO J. 18,
6462–6471.
[22] Rodriguez, M.S., Desterro, J.M., Lain, S., Midgley, C.A., Lane,
D.P. and Hay, R.T. (1999) SUMO-1 modiﬁcation activates the
transcriptional response of p53. EMBO J. 18, 6455–6461.
[23] Xirodimas, D.P., Saville, M.K., Bourdon, J.C., Hay, R.T. and
Lane, D.P. (2004) Mdm2-mediated NEDD8 conjugation of p53
inhibits its transcriptional activity. Cell 118, 83–97.
